EXECUTIVE SUMMARY
This document addresses the characterization strategy for those types of sludge not previously characterized or discussed in previous DQO documents.
It seeks to ascertain those characteristics of uncharacterized S1udge which are unique with respect to the properties already determined for canister and K East Basin floor sludge. Also recent decisions have resulted in the need for treatment of the sludge prior to its currently identified disposal path to the Hanford waste tanks. This has resulted in a need for process development testing for the treatment system development.
There are three principal problems related to sludge to be addressed by the current DQO. First, the proposed S1udge treatment process must confront all of the various sludges in the two basins.
It is meant to safely alter particle size and eliminate pyrophoric constituents, polychlorinated biphenyls (PCBS), and nonradiolytic gas generation. 
INTRODUCTION
This document defines the data quality objectives (DQOS) for a sludge sampling campaign which encompasses the floor in the 105-K West Basin as well as various pits in K West and K East Basins. The two K Basins are waterfilled concrete pools which contain 2,100 tons of N Reactor metal fuel elements stored in aluminum or stainless steel canisters. Associated with this Spent Nuclear Fuel (SNF) is an accumulation of particul ate 1ayered material which is generally cal led sludge. S1udge is found on the basin floors, in canisters, and in the basin pits which are used for miscellaneous tasks such as cask handling.
In fact, several different types of sludge exist (Pearce 1998b) depending on which basin, canister type, or pit location that the particular S1udge is found. Each type of sludqe is a unioue nonhomogeneous mixture possibly containing corroded fuei, debris such as windblown sand or insects, rack and canister corrosion products, and/or fission products (Johnson 1995 It should be considered a supplement to the DQOS for K East floor and canister sludge and for K West canister sludge (Makenas 1995; Makenas 1996a Makenas , 1996b in that it seeks to ascertain those characteristics of sludge which are unique with respect to those properties already determined for canister and K East Basin floor S1udge. Recent decisions, Sellers 1997, have resulted in the need for treatment of the S1udge prior to its currently identified disposal path to the Hanford waste tanks. This has resulted in a need for supplemental characterization of the S1udge material as well as subsequent process development testing for the treatment system (Pearce 1998a).
It is recognized that, due to the accelerated nature of the SNF project, disposal pathway designation and design of a sludge treatment system are proceeding in parallel with characterization and thus, the data acquired may lead to changes in existing project assumptions.
The DQO methodology fol lowed in this document is that defined in the K Basin Project DQO Strategy Document (Lawrence 1994) with the various standard DQO questions addressed in sequence in the following discussions.
Since NUMATEC Hanford currently has the lead in sludge processing their approval is sought on this DQO document in 1ieu of the Pacific Northwest National Laboratory (PNNL) signature suggested in Lawrence (1994) . This Reference Strategy Document is based on Environmental Protection Agency (EPA) guidance (EPA 1994) but it notes the parts of the process which must be modified for a project, such as SNF, which seeks to determine bounding conditions for design and transportation alternatives.
A 1ist of stakeholders in this effort is given in Appendix A.
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DATA QUALITY OBJECTIVES PROCESS
The following seven major sections, 2.1 to 2.7 are the seven steps in the DQO process.
STATE THE PROBLEM AND REVIEW PREVIOUS DATA
The existence of S1udge on the floor and in canisters for both K East and K West Basins has been documented during various sludge depth measurement campaigns (Baker 1994; Maassen 1997a). Figures 2.1 and 2.2 and Table 2 .1 summarize the various types of sludge, their locations and characterization status.
It can be seen that characterization information is greatest for K East floor/pit S1udge as well as for both K East and K West canister sludge. Pertinent knowledge is minimal for K West floor and pits. A very recent study (Maassen 1997a (Maassen , 1997b ) has ascertained the depths of sludge found in these heretofore uncharacterized locations (Figures 2.3 and 2.4). Table 2 .2 indicates the relative amounts of total S1udge volume attributed to the various types of S1udge.
S1udges have been found which are high in iron (K East floor), high in uranium (K East and K West canisters) and high in sand (K East north load out pit) (Warner 1994). They have been found to contain varying amounts of hazardous constituents such as PCBS as wel 1 as many unregulated trace compounds.
Pieces of graphite (in K West canisters) and resin beads (in K East floor, pits, and canisters) have also been encountered.
The problems related to sludge to be addressed by the current DQO are:
1. The proposed S1udge treatment process must confront all of the various sludges in the two basins. Figures 2.1 and 2.2 indicate those sludges where no information is avail able to date. It is meant to safely alter particle size and eliminate pyrophoric constituents, polychlorinated biphenyls (PCBS), and nonradiolytic gas generation.
Various dilution, chemical addition, and precipitation steps are envisioned.
It should be ascertained whether any of the sludge types contain constituents incompatible with currently envisioned processes. This should be accompl ished before (1) the treatment process/equipment final design is completed and (2) before the S1udges are commingled because it is not currently planned to have a separate processing run (or conditions) for all 14 identified types of sludge.
The effectiveness of sludge treatment is being demonstrated in
various 1aboratory-scale and pilot-scale tests (Oelegard 1998; Pearce 1998a) prior to treatment being initiated for the bulk of the basin sludge. Currently there is not enough sludge in the laboratories (left over from previous specific characterization campaigns) to perform the tests that are proposed (Delegard 1998) and furthermore not all of the possible types of S1udge are represented in current archive material (Baker and Schmidt 1998). The S1udge may also have become dry during storage with unknown consequences for future testing.
3.
The knowledge of sludge chemical composition, radiological properties, and physical properties is incomplete. Although several types of sludge have been sampled and analyzed (Makenas 1996c (Makenas , 1997a (Makenas , 1998 , areas of the basin remain where no analyses have been performed. It may be necessary to have a working knowledge of sludge composition to obtain approvals and permits to ship and handle S1udge. Although the types of sludge remaining to be characterized are assumed to be less aggressive and less voluminous than those already investigated, it is still prudent to test this assumption and ascertain early whether any constituents fal1 outside of the compositional 1 imits determined for other more well characterized S1udges. Furthermore, even though S1udge will undergo treatment prior to being deposited in the Hanford Waste Tanks, documentation of feed material to the process will almost certainly be necessary.
IDENTIFY THE DECISIONS
The decisions which must be made by the SNF project for S1udge retrieval/ disposal and which are partially addressed by the current characterization effort are 1isted below. The complete closure of these decisions wil 1 require evaluation of these data along with data from previous campaigns for floor and canister sludge, from a current campaign for fuel element coating material (which may combine with sludge) and from a future campaign envisioned to CO1 lect additional canister S1udge. The decisions are not interdependent and should be pursued in parallel .
1. Does the S1udge in previously uncharacterized areas of the basin add anything that will thwart the goals of the treatment process as it is currently envisioned? Examples would be constituents which prevent or hinder desired dissolutions or precipitations of components or which would imply a safety hazard. 8ased on constituents found either the design of the treatment process wil 1 be altered or no change wil 1 be required.
2. Does the proposed S1udge treatment process work on a large scale (i.e., with the amount and variability of sludge currently in the basins)? The extent of testing and size of sample batches necessary to demonstrate this scaleabil ity is not yet determined. This work wil 1, for the most part, be done under its own specific set of DQOS (Pearce 1998a). The object of the current effort is only to supply enough non-canister material in one campaign to anticipate the needs of this demonstration since frequent sampl ing campaigns are neither timely nor economically feasible. This would include sludge from previously and newly characterized basin areas.
3. Does K West floor sludge and the S1udge from previously uncharacterized K East and K West pits contain any constituents outside of the bounds set by current sludge process flow diagrams (Flament 1998). The resolution of this question will be the submittal of new process flow diagrams and updates to the sludge data book following 1aboratory analysis covering the S1udge collected in this campaign with modification of previous flow diagrams and data book entries only if new data for other locations warrants the change. It should be noted that the amount of fuel constituents, which wil 1 be added to the S1udge during the canister cleaning associated with removal of fuel from the basin, currently has a 1arge uncertainty.
This uncertainty in the final composition of generic sludge is not addressed in this document.
INPUTS TO THE DECISIONS
Information to make the above decisions will be acquired through sampling of S1udge from the floor and pits in the K East and K West. Those areas of the basins which are proposed as areas to be sampled for this campaign are listed in Table 2 .3. Note that some of the areas proposed for sampling, due to their inaccessibility or low sludge volume, will provide fewer samples than others. Areas of the basins will provide multiple samples which give confidence that properties measured are representative of an entire area. Areas with the most voluminous amounts of sludge will provide the bulk of the S1udge needed for process demonstration activities.
Values for the various properties needed for the decisions wil 1 be obtained through shipment of the samples to 1aboratories with demonstrated capabil ities for the needed analyses.
Properties in Support of the S1udge Treatment Process Design
The treatment process wil 1 alter both the particle size and the chemical state of the S1udge. To demonstrate a successful process, on any scale, one obviously needs to know the input to and the output from the process. Analyses of sludge covered by this DQO seek to cover the input to the process while measurements of output character sties are specified in Pearce and Delegard (1998). Properties 1isted in Table 2 .4 include those needed for successful treatment process characterization.
Chief among these wil 1 be particle size, elements known to be of concern to the process design (for example Fe and Pu), and PC8 content.
Information developed from this characterization will be used to refine current estimates of the feed stream compositions being used for the design basis of the treatment process (Pearce 1998b).
Treatment Process Demonstration
Support for process demonstration work (Pearce 1998; Delegard 1998), in the current effort, will consist primarily of furnishing, to the designated 1aboratory, sufficient quantities of sludge to meet the needs of the demonstration.
These needs are defined in reference (Schmidt 1998 ). The amounts to be recovered from the basins for process demonstration as wel 1 as those amounts needed for the properties determinations discussed above are given in Table 2 .3. Some additional characterization of S1udge sample materials provided for treatment process development (process flow diagrams) and ultimate equipment design in specific areas of concern to these activities is expected.
Measurements Supporting Acceptance by Tank Waste Retrieval System
Acceptance of S1udge by TWRS is directly dependent on the review by Tank Farms Process Engineering of sludge properties 1isted in S1udge treatment process flow diagrams.
Such a process is in-place to ensure that sludge will not react excessively with existing tank waste and not be of a composition which is outside of existing permits or that further compl icates ultimate disposal of the tank waste.
Furthermore, sludge must remain in a transportable state while being retrieved, stored, pretreated, and residing in the tanks to facilitate final disposition of the waste.
Previous process flow diagrams will be revised only if new data indicate sludge properties which are outside of previously assumed bounds. The characteristics needed to complete the updated process flow diagrams lead to the analyses, 1isted in Table 2 .4, to be performed on the acquired sludge. Primarily these consist of wet chemistry techniques to ascertain radionucl ide and hazardous metal constituents.
In addition, a most important analysis will be X-Ray Diffraction which may give an indication of chemical phases which may affect the sludge treatment process. Analysis for PCBS wil 1 also be performed since these have been encountered in previous S1udge analysis campaigns.
Furthermore, the determination of particle size is considered significant from a critical ity standpoint.
Other Measurements
In addition to properties related to the above three decisions, Table 2 .4 also 1ists properties which are appl icable to adjunct issues such as water clarity during basin activities and the acquisition of air permits for in-basin work. These are not covered in the decisions 1isted in Section 2.2 and should be regarded as supplemental information. Table 2 .4 are physical properties needed to support the transportation and handling of S1udge. It is anticipated that the discharging of S1udge at TWRS wil 1 not be performed using the existing tank receiving station and thus the effects of sludge on existing TWRS 1ines is not an issue. Physical property information wil 1, instead, feed the design and operation of equipment dedicated solely to the removal of S1udge from K Basin.
Also included in
BOUNDARIES OF THE STUDY
This Sampling Campaign will be done within the manpower availability of K Basin operations staff and within SNF budget constraints. Operations personnel will run the sampling equipment and perform those tasks (such as cask loading) needed to accomplish shipment of samples to 1aboratories. Operations wil 1 also need to support the training and readiness review processes for this activity. The work will be performed utilizing practices which conform to ALARA for radiation dosage to workers and performed within the 1imits of the K Basin Safety Analysis Report. The near term need for data on floor sludge has led to use of equipment with a radiation dose limit (Baker 1995b) of 7 R to 10 R per hour at 5 cm (2 in.) from a 125 mt to 500 ml sample.
In instances where funding 1imitations constrain the amount of 1aboratory analysis, character zation for waste tank acceptance and treatment will be given priority over solid waste. Disposal of S1udge in waste tanks, with treatment, is currently the selected alternative when compared to direct disposal as solid waste.
Tests for PCBS should be performed prior to other chemical analyses. A negative result from such a test wil 1 significantly reduce costs attributed to the handling of 1aboratory waste. Any archive S1udge material , not utilized in examinations and/or destined for future process testing shall be stored in a manner which does not allow the sludge to dry out.
This sampling campaign will be performed after completion of the coating brushing campaign in K Basins (Makenas 1997b ) and prior to the next campaign to recover sludge from canisters.
Equipment and Sampling Procedure
The samples of S1udge are to be retrieved using an apparatus whose design criteria are outlined in (Baker 1995b). Samples of sludge are to be pumped from the Basin water pool to a point above the grating for collection in containers.
The basic concept is shown schematically in Figure 2 .5. This apparatus is a more sophisticated version of the mechanism that was used to acquire early 1imited sludge samples. Acceptance testing for the equipment is outl ined in reference (Bridges 1997) and essentially consists of demonstrations in the 305 Building pool utilizing a rudimentary sludge simulant.
Operation of the envisioned equipment in K East and K West Basins wil 1 require that an isolation tube be inserted into the sludge prior to sampl ing and that S1udge be vacuumed nearly completely and exclusively from within the isolation tube [at 1east 85% recovery for particles less then 0.64 cm (0.25 in.) in diameter as confirmed by acceptance testing done outside of K Basins].
Since the sludge is multi-layered, dealing with this isolation column of sludge wil 1 prevent selective sampl ing of only one particular 1ayer at the expense of other layers.
It is expected that in areas of very shallow sludge the isolation tube will be moved periodically during the CO1 lection of a single sample or, if need be, the isolation tube will be eliminated or modified to allow sufficient sample to be collected by a free collection method.
In such a case, special collection canisters which minimize entrained water and maximize accumulated S1udge may be util ized. An example of such a canister would be one with a filtered outlet port.
Sampling Strategy
Sludge will be sampled from 25 locations (representing nine different types of sludge) as listed in Table 2 .3. These approximate locations are shown in Figures 2.6 and 2.7. More specific location information (such as sampl ing near a specific fuel canister or rack location) wil 1 be given in the Sample Analyses Plan (SAP) (Welsh 1998 ) . These locations represent those areas of the basin from which no data exist and those specified in Schmidt (1998) as the source of additional S1udge needed for tests of the sludge treatment process.
Reference (Schmidt 1998 ) 1ists a number of S1udge samples, sample volumes and locations which wil 1 satisfy the needs of various treatment demonstration phases. These estimates have specifically not included material for general characterization of sludge in Basin areas where previous data do not exist. Thus Table 2 .3 has been constructed by expanding the number of samples suggested in (Schmidt 1998) but not in a manner which ascribes specific samples to characterization and specific samples to treatment.
Rather, it is assumed that a portion of the recovered S1udge material will be apportioned from the expanded number of samples for use in characterization while holding constant the amount of material avail able for treatment exercises.
While the amount of sludge in a sample can be controlled to some extent by isolation tube diameter, the estimated amount of sludge recovered with each sample is generally expected to vary such that areas with deep sludge are more likely to yield copious quantities in a single sample. Schedule and budgetary considerations may not allow the shipment of 25 discreet samples to laboratories across the Hanford Site. Combining of samples, at the basin or pits, from two or more neighboring locations shown in Figures 2.6 and 2.7 is permitted. Only samples from the same pit or from the floor of the same basin may be combined. Mixing of floor and pit samples in one sample container is not permitted. Combining of samples at the laboratory, rather than at the basins, is also permitted subject to the same restriction against combining floor and pit samples.
DECISION RULES
The decisions which are to be made by the SNF project for sludge treatment and disposal and which are partially addressed by the current characterization effort are 1isted below. The decisions are not interdependent and should be pursued in parallel .
1. If the new types of S1udge collected here contain constituents whose chemical , physical , and radiological properties (as 1isted in Table 2 .4) are not compatible with the current treatment process then that process wil 1 be modified to treat the unforseen constituents (otherwise no change to the process is required) . The reference process is essentially defined by the completion of the process flow diagrams issued as reference F1ament (1998) by Numatec Hanford Company. These and the Design Basis Feed Description (Pearce 1998b) have determined the nominal and bounding process conditions and compositions of five different sludge streams. Assessments of adequacy of these bounds may be made by direct comparison of characterization data with process assumptions or may be shown by small-scale demonstrations, using actual sludge, of processes (such as dissolution).
The current DQO provides only the material for this 1atter small scale determination where as the actual demonstration is addressed in a separate DQO document (Pearce 1998).
2. If enough non-canister sludge can be provided (satisfying amount specified in Table 2 .3) then there will be sufficient material for testing on the desired scale. When the S1udge treatment process (which is assumed to have been demonstrated on a small scale for wel 1 characterized material discussed above) can be shown to work on larger amounts of material (quantities currently undefined) then detailed design and construction of the actual sludge treatment system will proceed. Again, the current DQO document provides only the material for such a large scale demonstration whereas the throughput and product quality requirements for the demonstration wil 1 be specified elsewhere. Table 2 .4) of newly examined forms of S1udge fal1 outside of the chemical , physical , and radiological bounds set by previous process flow diagrams, revised process flow diagrams will be issued (otherwise they will not).
If the constituents (1isted in
DECISION ERRORS
Two types of errors can be identified which are related to the canister sludge sampl ing effort: those that influence the programmatic success of the Sludge Disposition Path (i.e., prevent the successful removal of S1udge from the basin to a disposal site in a timely cost-effective manner) and those that are associated with individual sampl ing and analytical methodologies.
Programmatic Errors
If radiochemical and physical properties of K West floor and other related S1udges are not further defined (or are defined incorrectly), then the design of S1udge processing equipment wil 1 proceed with only the data available at this time. This increases the risk that the amount of one or more S1udge constituents will not be enveloped by the equipment capabil ities and operational /regulatory scenario or that the equipment will need to be over designed for al1 conceivable eventualities with resulting cost increases. If decisions on the acceptability of sludge for burial as solid waste or storage in waste tanks are not made with data that includes all the various sludges, the risk increases that a decision to deposit sludge as solid waste or in tanks will be countermanded by subsequent analyses of the retrieved and transported sludge (with the resultant waste of resources, time, and effort). Final ly, if the material is not provided for treatment, then functionality of the system (actual application) and efficiency of design will be at risk.
Errors in Sampling and Analysis
The 25 sample locations proposed, taken together with sludge sample from previous campaigns give a general representation of S1udge in the basins. They wil 1 furnish confirmation that the current baseline components and properties bound the actual condition of K Basin sludge by ensuring that all forms of sludge have been examined. Reference (Fowler 1995a, Revision 1) specifies that criticality, flammability, and energetic properties necessary for waste tank acceptability decisions need to be known to the 90% confidence level . Corrosion related data must be known to 80% confidence.
However, all of these wil 1 be modified by the currently anticipated sludge treatment process. No other guidance is avail able from the other users of the data nor has an acceptable programmatic risk been quantified.
Since regulatory (RCRA) sampling is not a goal of this current effort, 1aboratory good-practice standards are judged to be acceptable (Fowler 1995b ). An effort is underway by Welsh, et al ., to quantify 1aboratory accuracies for individual analytes which will lead to the required confidence levels and provide val id comparisons to previous floor S1udge data. This study will be included in the SAP (Welsh 1998) to be published as a separate document at a 1ater date.
OPTIMIZATION
The reader may want to refer to Pearce (1998a) for risks related to sludge treatment characterization data needs and the need for additional sample material .
The target sample volumes 1isted in this DQO satisfy, to the extent possible, the needs specified in Schmidt (1998) for the pretreatment project. The analytes and properties measured are those of interest to TWRS and sludge recovery.
Coverage of the various areas of the basins is sufficient to give confidence that the general character of sludge will be known.
If the current S1udge characterization effort is successful (both specific characterization and treatment testing of samples) in adequately bounding the properties of sludge in K West 8asin and in remote areas of K East 8asin then a future characterization campaign will concentrate on sludge from K East and K West canisters.
Canister sludge samples will be shipped to hot cel 1s with the intent of supplying 1arger quantities of canister sludge for treatment demonstration than were retrieved in previous canister S1udge characterization campaigns.
At this writing there are no plans to acquire S1udge which is completely prototypic of that to be generated in the fuel cleaning process and fed to the S1udge treatment streams. However, some data related to this issue is being generated in a parallel effort (Makenas 1997b ) to analyze subsurface S1udge recovered from corroded fuel elements recently probed during hot cel1 examinations or sludge recovered from fuel element shipping containers. Chemistry and physical properties are currently being acquired from these sludges.
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